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金电沉积最佳工艺：柠檬酸三铵 100 g/L，四硼酸钠 20 g/L，硫酸铜 20 g/L，锡
酸钠 4 g/L，丁二酰亚胺 20 g/L，光亮剂(含氮化合物)0.1 ~ 0.2 ml/L，pH 为 11.30 
(氨水或氢氧化钠调节)；电沉积条件为：35 ~ 40 ℃，0.05 ~ 2.5 A/dm2，鼓气搅拌，
阳极为纯铜。该工艺具有工业化应用价值。获得的低锡铜锡合金镀层平整光亮、
外观金黄；Sn 含量在 9.3 ~ 13.8 wt%之间；1 A/dm2 电流密度下，合金电沉积速



















铵 100 g/L，硫酸铵 50 g/L，磷酸二氢铵 16 g/L，丁二酰亚胺 20 g/L，硫酸铜 12 
g/L，硫酸亚锡 24 g/L，添加剂 1：2 mg/L，添加剂 2：10 mL/L，pH 为 5.50，30 
~ 35 ℃，0.3 ~ 2 A/dm2。在 0.4 ~ 1.6 A/dm2 电流密度范围内，电沉积得到银白色
铜锡合金镀层中，Sn 含量为 52 ~ 75 wt %，电流效率在 85 ~ 95%。 
(2) 铜锡合金镀层表征 
通过扫描电子显微镜(SEM)观察，低锡铜锡合金镀层表面平整光滑；电流密




层显微硬度为 331.6 HV。Tafel 曲线表明，镀覆在镍电极表面、经苯骈三氮唑(BTA)
钝化处理的铜锡合金抗腐蚀效果更好，但 BTA 钝化膜容易被破坏。 
SEM 观察显示，添加剂 1 和添加剂 2 能有效细化高锡铜锡合金镀层的晶粒，
晶粒之间排列紧密。XRD 分析表明，铜锡合金镀层相态主要为 Cu6Sn5，晶胞参




















































Cu-Sn alloy plating is one of the industrialized alloys in electroplating. Cu-Sn 
coatings containing 8~15 wt % Sn have a golden appearance and are widely used in 
decoration. The coatings containing more than 45 wt % Sn with a silver white color, 
have good corrosion resistance and hardness as alternative coatings for Ni or Ag 
coatings.  
Presently, the Cu-Sn alloy coatings are mostly electroplated from cyanide based 
baths, which are known for its toxic influence to environment, social security and 
human beings. Therefore, it is imperative to research and develop an environmental 
friendly electrolyte. Moreover, the deposition of alloy is more difficult than single 
metal. The research will be of guiding significance to understand the mechanism of 
Cu-Sn alloy plating. 
In this thesis, a new environmentally friendly alkaline Cu-Sn alloy plating bath 
using citrate as primary complexing agent has been successfully developed in a wide 
range of current density. The white Cu-Sn alloy coatings are obtained from the new 
weak acidic Cu-Sn alloy plating bath using citrate as complexant. The modern 
physical techniques, such as scanning electron microscopy (SEM), energy disperse 
spectroscopy (EDS), X-ray diffraction (XRD), X-ray fluorescence thickness gauge,  
etc, were used to detect the morphology, composition, structure, thickness and 
hardness of the Cu-Sn alloy coatings. And the electrochemical methods, such as linear 
sweep voltammetry (LSV), cyclic voltammetry (CV), and chronoamperometry(CA), 
were used for further analysis of the electrochemical manners of Cu-Sn alloy 
co-deposition and its mechanism of nucleation and growth. Main results are 
summarized as below:  
(1)Cu-Sn alloy electrodepositing conditions form citrate electrolyte  
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